The health care system in China is facing a multitude of challenges owing to the changing demographics of the country, the evolving economics of health care, and the emerging epidemiology of health as well as diseases. China's many national health care policies are documented in Chinese text documents. It is necessary to map the policies synoptically, systemically, and systematically to discover their emphases and biases, assess them, and modify them in the future. Using a logically constructed ontology of health care policies based on the common bodies of knowledge as a lens, we map the current policies to reveal their 'bright', 'light', and 'blind/blank' spots. The ontological map will help (a) develop a roadmap for future health care policies in China, and (b) compare and contrast China's health care policies with other countries'.
Introduction
The health care system in China is facing a multitude of challenges owing to the changing demographics and politics of the country, the evolving economics of health care, and the emerging epidemiology of health as well as diseases (1) (2) (3) (4) . For example, ' [p] aralleled with the rapid socio-economic development and demographic transition, an epidemic of noncommunicable chronic diseases (NCDs) has emerged in China over the past three decades, resulting in increased disease and economic burdens… [and encouragement] to use communitybased health services.' (3) Between 1950-2009 it 'shifted public financing to private sources; it turned public hospitals and clinics into commercial, for-profit enterprises; it decentralized China's health system and it altered the price structure for public facilities, thereby enabling them to earn profits.' (1) In 2009, the 'Chinese government committed USD 124 billion of additional public spending for the first three years of health care reform.' (1) These three years had five specific targets. They were: '(1) expanding insurance coverage; (2) making public health service available and equal for all; (3) improving the primary care delivery system to • Medical security: to achieve universal coverage through insurance systems for urban residents (urban employees' and residents' basic medical insurance), farmers (New Rural Cooperative Medical Service), and those living in poverty in both urban and rural areas (medical assistance).
• Public health services: full government funding for a minimum package of nine essential services (including maternal and child health, immunization, mental health, aged care, chronic disease management, and health education) with a view to equal access to public health services for all. • Primary care: establishing a comprehensive network of basic health services through a three-tier rural network and urban community health services, with Chinese medicine integrated into these service delivery networks rather than as a freestanding system. • Pharmaceutical supply system reform: setting an essential drug list that is linked to basic medical insurance and cooperative medical service, with open tender based on government reference price.
• Pilot hospital reforms: trialing strategies for ownership and government, quality, regulation, training, and revenue oversight.
These new policies did not completely eliminate the earlier polices. Thus, the post-2009 policies coexist with many pre-2009 policies. Given the number and complexity of these policies it would be difficult to obtain their 'big picture' from the corresponding text documents. Despite the best intentions of the policy makers, the complexity of the formulation process and the associated negotiations are likely to introduce differential emphases and biases (5-7). It is necessary to map the text of the policies systemically and systematically to discover their emphases and biases. Such an analysis will help the health policy-advisors and -makers formulate better policies. It can provide feedback on the current policies and feed-forward to future ones (8) .
Ontology of Health Care Policies
The ontology of health care policy represents our conceptualization of the health care policy domain (9) . It is an 'explicit specification of [our] conceptualization,' (10) and can be used to systematize the description of a complex system such as national health care policies (11) . The ontology organizes the terminologies and taxonomies that constitute health care policies. 'Our acceptance of [the] ontology is… similar in principle to our acceptance of a scientific theory, say a system of physics; we adopt, at least insofar as we are reasonable, the simplest conceptual scheme into which the disordered fragments of raw experience can be fitted and arranged.' (12) The method of constructing and presenting an ontology for a domain is an iterative process (13, 14) that systemically and systematically deconstructs health care policy into its dimensions and associated elements. It is a new method of analyzing and synthesizing knowledge in a domain elements together constitute the elements of the system of policies. The columns are connected by adjacent words/phrases-they help concatenate the elements from different columns into sentences which describe the components of the health care system. Three illustrative components derived from the ontology are shown in Figure 1 . They are:
• National financial policies on accessibility of preventive care for family-these may include programs/policies to provide financial incentives for families to travel to obtain preventive care.
• Local urban regulatory policies on cost of palliative care for individual aged-these may include programs/policies to limit the cost of palliative care of senior citizens.
• Provider administration programs/policies on cost of illness episodic care of individual adolescents-these may include providers' policies on cost of care of ill teens.
These three and 43,677 others encapsulated in the ontology are logically the potential components of health care policies. The ontology presents the combinatorial complexity of health care policies concisely and thus helps us take a systemic view of the problems they address.
An element in the ontology may or may not be instantiated in a particular policy. Studying across policies, some of them may be instantiated frequently, some infrequently, and others not at all. We will label the frequently instantiated portions the 'bright' spots, the infrequent ones the 'light' spots, and the overlooked ones the 'blind/blank' spots.
The luminosity of each spot is a product of two opposing dynamics. A 'bright' spot may be so because it is effective and important; it may also be a consequence of habit and herd effect ('more of the same'), irrespective of whether it is effective or important. A 'light' spot may be so because it is ineffective and unimportant; it may also be a consequence of difficulty of implementing it ('path of least resistance'), irrespective of its potential effectiveness or importance, or its recent emergence in importance. A 'blind/blank' spot may have been simply overlooked by design or by accident; or, it may be infeasible.
Knowing the 'bright', 'light', and 'blind/blank' spots in the policies and their antecedent reasons will help develop more systemic and systematic approaches to the challenge of health care policies. In the following, we present an ontological map of China's health care policies, highlight the 'bright', 'light', and 'blind/blank' spots, and discuss possible reasons for the same. Before presenting the results, we will first describe the method we used for mapping. In the conclusion, we will present the potential implications of this program of research and the planned extensions to what is presented here.
The distinguishing feature of the proposed ontology is that it articulates the logic of the system in structured natural English and Chinese sentences. It is neither an abstract, philosophical discussion for meta-cognition (imagination) of the system, nor a concrete, syntactically precise formalization of the system for machine cognition. It is between the two extremes-a pragmatic, semantically rich articulation of the system for human cognition.
The ontology itself can be refined by adding subcategories of elements, coarsened by aggregating categories of elements, extended by adding additional dimensions, and reduced by eliminating current dimensions. Thus, it can be adapted to design health care policy at different levels of complexity and granularity (13, 15, 19) .
Validity of the Ontology
The validity of the ontology will determine how well the ontology captures and represents China's health care policy. The common methods of validation focus on induced ontologies at a finer level of detail, greater formalism, and machine readability, but not on deduced ontologies at a higher-level of abstraction such as ours. Hence, we draw on the traditional constructs of validity and assert the ontology's face validity, content validity, semantic validity, systemic validity, and external validity, which are commonly used in social science research (20, 21) .
The ontology is a complete and closed description of China's national health care policy. It is logically derived as described earlier. It is a novel reorganization and representation of traditional bodies of knowledge from multiple disciplines such as public policy, health care, and social science. It derives part of its validity from that of the knowledge in the underlying disciplines.
It comprehensively describes a country's health care policy using structured natural English and Chinese understandable to novices and experts alike. It deconstructs the combinatorial complexity of a construct and presents it visually as an easily readable, parsimonious text-table (22) . The ontology encapsulates all 43,680 possible components of health care policy in a readable form on a single sheet of paper. Thus, its face validity is high.
Each logical component of national health care policy derived from the ontology is semantically meaningful in English and Chinese, as illustrated above-thus, its semantic validity is high. It is easy to ascertain whether a component is instantiated or not. Obversely, it is also easy to ascertain the component that matches an instantiation.
Its dimensions are based on the common bodies of knowledge from underlying disciplines. The taxonomies include the basic categories of knowledge from these disciplines. Hence, the content validity of the dimensions, the taxonomies, and the large number of consequent components is high.
Further, the ontology encapsulates all the possible components of China's national health care policy. It has high systemic validity.
Lastly, the ontology is also validated through application to the data (policies). The application will highlight errors of omission of significant elements and of commission of irrelevant elements in the ontology. These errors are easily corrected-the ontology is easily extensible and reducible-and the validity of the ontology enhanced. In the same vein, most of the ontology has been validated through application to Chile's and India's health care policies and learning from the same. The distribution of policies by year is shown in Figure 2 . One of the two authors is trained as a physician and is a faculty member; the other is a doctoral student. The former is very familiar with China's health care system. They downloaded all the policies as MS Word files (in Chinese) for coding. The two then coded half the policies (from the Chinese text) each onto the ontology using an Excel tool developed by another author. Subsequently, each of them verified the other's coding. Differences in interpretation were resolved through discussion. Thus, the final coding is the consensus of the two.
Methods
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Figure 2: Distribution of China's Health Care Policies (Coded) by Year
A policy is coded on an item only if that item is explicitly part of it, not implied or inferred from it. For example, it may be argued that all National policies should be coded for Local-Urban and Local-Rural. But they were coded only for National unless the latter two are explicitly part of the policy. We sought to balance the errors of commission (over-coding) with the errors of omission (under-coding). The coders tried to balance over-reading the policy and thus over-coding, and under-reading the same and thus under-coding. The coders' knowledge of the domain-both Chinese, one a physician and faculty member, and the other a doctoral student-helped minimize the errors in coding.
We note that a program or policy may instantiate multiple components, a component, parts of multiple components, or part of a component of the ontology. Thus, there was no restriction on how many elements of the ontology could be encoded with reference to a policy, or a requirement that a policy should be encoded with reference to all the dimensions of the ontology. Thus, a policy could be encoded to:(a) an element from each dimension, (b) multiple elements from each dimension, (c) an element from some dimensions, or (d) multiple elements from some dimensions. We also note that the coding was binary-whether the element (or its synonym) was present or not in the program or policy. The coding was not weighted; each policy and each element was assigned equal weight.
Results
We present the results of the analysis as an ontological map (Figure 3) . It highlights the emphasis on the elements of the ontology in the 289 policies. The number in parentheses adjacent to an element indicates its frequency of occurrence in the 289 policies. The data bar below the element is a visual indicator of the same scaled to the maximum frequency of occurrences of any one element, National (231) in this case. A policy may be coded on multiple elements on a dimension (column) or no items. Hence the sum of the numbers in each column may not equal 289-it may be more or less. The visualization in Figure 3 clearly highlights the areas of emphases, limited emphases, and no-emphasis. We will discuss the map in detail below from right to left. (18) are tertiary outcomes.
Focus
The policies, in the aggregate, are multi-focused-on average, more than four focuses per policy.
The dominant focus is on Administration (196), Technology (169), Legal (132), Drugs (112), and Information (107). The secondary focus is on Personnel-Staff (87), Personnel-PhysicianGeneral (85), Financial (84), and Personnel-Physician-Specialist (83). The tertiary focus is on Food (67), Personnel-Nurses (54), and Insurance (26) .
Scope
The focus of the policies is predominantly National (231) and on the Provider (236). The former is to be expected since the study is based on national policies. There is however, a secondary emphasis of these policies which is Global (47), Local-Rural (46), Local-Urban (32), and Regional (23).
Ontological Map Summary
In summary, the dominant focus of the policies based on the ontological map may be summarized as follows:
Provider/National Administration/Technology/Legal/Drugs/Information policies on Safety/Quality of Preventive/Illness-Episodic care of Individual-Children/ CommunityGroup/Family.
Discussion
The five focus of China's health care policy reform are: (a) medical security through insurance, (b) comprehensive public health services, (c) basic primary care, (d) supply system for essential drugs, and (e) hospital reforms (1, 5) . We will discuss our results from the ontological map with reference to these focuses.
The relatively low emphasis on Insurance (26) among the 289 policies runs contrary to the first focus. It may be partly because China has already achieved universal insurance coverage (2).
Despite the coverage there are many significant issues in translating it into significant health outcomes-for example, in the managing non-communicable chronic diseases (3) and access to rural health care (23). The results above suggest the need for a greater focus on insurance in conjunction with different combinations of outcomes and types of care.
The emphasis on public health is evident in the dominance of Community/Group (83) and Family (71). However, relatively less emphasis on Illness-Chronic (51) appears to limit the comprehensiveness of the care, especially in light of the growing importance of chronic disease management in China (3, 24) .
The heavy emphasis on Individual-Children (102), Community/Group (83) and Family (71) combined with that on Preventive (175) and Illness-Episodic (115) can be said to indicate the focus on basic primary care. However, the limited emphasis on Accessibility (18) and IllnessChronic may significantly weaken the delivery of such care.
The dominance of policies on Drugs (112) is likely a manifestation of the emphasis on the supply system for essential drugs. It appears to be closely associated with Quality (169) and Safety (174) of Illness-Episodic (115) and Preventive (175) care. It also appears to be closely associated with Treatment (169), Legal (132), Administration (196) , and Provider (236) policies. It is an important but complex issue (25) (26) (27) (28) and the policies seek to address the same.
There is probably no better indicator of the emphasis on hospital reforms than the priority given to Providers (236) and Administration (196) . The two appear to be dominant in conjunction with Technology (178), Information (107), and other policies. Together, they can be seen to be part of a recipe for transforming the hospitals.
In summary, the results from the ontological map of monads highlight the alignment, mis-alignment, and non-alignment of the 289 policies with the five focuses of the 2009 health care reforms in China. The alignments have to be reinforced, the mis-alignments redirected, and non-alignments rectified in the future for the transformation to be effective.
Conclusions
The challenge of reflecting upon China's national health care policies and reorienting them is one of synthesizing a large body of text-based knowledge in Chinese systemically and systematically. It is a knowledge management problem and a 'big-text-data' analysis problem. The ontology of China's health care policies is comprehensive lens for the analysis and synthesis of this corpus in the original language. It can be used to develop a roadmap for future research on China's health care policies.
The paper makes three basic contributions to understanding, comprehensive assessment, and direction of China's health care policies. They are:
• An approach using an ontology based on national health care policy. The approach can be extended, refined, revised, and adapted to other contexts (provinces, cities, etc.);
• A method of mapping the national health care policies onto the ontology based on the original text of the policies (in this case Chinese); and • A method of analyzing the dominant, less dominant and non-dominant focus of a nation's policies, and the consequent gaps in them.
China's health care policies have undergone waves of reform (4) . In making these reforms there is a need for policy makers to understand the implications of the above findings for future planning, and prioritizing for formulation (and reformulation) of policy. Our research will allow the policy makers to ask, as discussed above, for example: Are the dominant foci e.g. preventative care, illness-episodic care, quality, and safety balanced against the low focus elements such as illness-chronic care, palliative care, and accessibility? Do they need to be? Ultimately ontological analysis such as this can provide a pragmatic basis for deliberations (7) by policy makers and interest groups for policy formulation.
The framework, the method, and the results can be useful to advance health policy making in general and China's health policies in particular. It can be used to assess the strengths and weaknesses of a country's health policy, and to compare and contrast policies of different countries based on a common framework. The present study is a continuation of our study of Chile, India, and Australia's healthcare policies and programs. Understanding the antecedents and consequences of the emphases in other countries can provide insights into the policies of the parent country.
In ending the discussion, we should also highlight some of the limitations of the research. The ontology may be incomplete or over-specified. In the future, should it be necessary, the ontology can be extended, reduced, refined, or coarsened as appropriate.
Considerable effort has been expended in the translation of the ontology, construction of the glossary, and the monitoring of coding to minimize errors. While the coders tried to stay true to the text of the policies without imputing their own expectations, one cannot exclude the possibility of over-coding and under-coding. Given the large population of programs (289) and the significant variation in the frequency of the elements, despite the potential errors, the results are likely to be robust.
Given the data, errors in the ontological map are unlikely. However, there is room for variation in the interpretation of the luminosity of the different elements. Since the method of construction of the map is completely transparent, it would be easy to compare and contrast different interpretations of the same.
In summary, despite the limitations, the insights are strong. Their explanation as to why the corpus is as described may vary, but there is little room for variation in the description of the policies corpus.
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